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摘要 : m E AF (Gesneriaceae) JR AE ES iE (Primulina Hance) 是 一 个 近年 来 备 受 关注 的 类 群 
其 纷繁 复杂 的 物种 多 样 性 和 属 下 种 间 的 特有 分 布 引发 了 分 类 学 家 和 植物 学 研究 者 的 极 大 兴 
趣 。 该 属 除了 极 少数 的 物种 (例如 牛 耳 条 (Primulina eburnea (Hance)Y. Z. Wang))， 绝 大 部 分 
的 物种 为 狭 域 分 布 或 地 方 特 有 种 ,其 分 布 范围 很 罕 。 为 了 揭示 牛 耳 条 的 传粉 生物 学 和 繁育 系 
统 对 其 生殖 过 程 和 拓 殖 能 力 的 影响 , 我 们 系统 地 研究 了 和牛 耳 条 的 开花 物候 、 花 粉 与 柱头 活性 、 
访 花 昆 虫 的 种 类 和 访 花 行为 、 花 粉 胚珠 比 、OCI 指数 和 套 袋 实验 结实 率 ， 探 索 其 传粉 等 生殖 
过 程 对 牛 耳 灯 的 广 布 是 否 有 正面 影响 。 试 验 结果 表明 : 牛 耳 条 的 自然 花期 是 3 月 -5 月 ， 全 
花期 约 45 d， 其 中 盛 花期 约 20 d， 单 花期 为 6~8 d; 开花 后 1-2 d 花粉 活力 最 强 ， 开 花 前 柱 
头 没有 可 授 性 ; 花粉 胚珠 比 537; 杂交 指数 为 $， 去 肉 套 袋 、 去 雄 套 袋 均 无 法 结实 ， 说 明 本 
种 不 存在 无 融合 生殖 ;与 自然 授粉 相 比 ， 自 花 授 粉 结实 率 略 低 ， 异 花 授 粉 结实 率 略 高 ， 说 明 
自 交 亲 和 ; 牛 耳 条 的 主要 传粉 者 是 花 条 蜂 〈(A4nthophora florea) 和 能 蜂 (Bombus sp.)。 较 高 
的 花蜜 产量 , 花粉 量 较 大 ,花粉 活力 较 强 等 特点 有 利于 牛 耳 条 完成 传粉 、 结 实 的 整个 繁殖 过 
TE, 因此 ,这 一 结果 显然 有 利于 牛 耳 条 的 拓 殖 进而 广 布 在 我 国 华南 至 西南 地 区 的 喀斯特 地 区 。 
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Abstract: Primula Hance (Gesneriaceae) is a group that has attracted much attention in recent 
years. Its intricate species diversity and its endemic distribution among species have aroused great 
interest among taxonomists and botany researchers. Except for a few species, such as Primulina 
eburnea (Hance) Y. Z. Wang, most species have a very narrow distribution range, which belong to 
narrow distribution species or endemic species. In order to reveal the effects of the pollination 
biology and breeding system of P. eburnea on its reproductive process and colonization ability, we 
systematically studied the flowering phenology, the pollen and stigma viability, the species and 
visiting behavior of flower visiting insects, the pollen ovule ratio, the OCI index and the seed 
setting rate of manipulated pollination of P eburnea. Besides, we explored whether its 
reproductive processes such as pollination had a positive effect on the spread of P. eburnea. The 
results showed that the natural flowering stage of P. eburnea was from March to May, and the 
entire flowering stage was about 45 days. Its full flowering stage was about 20 days, and the 
single flower flowering stage was 6-8 days. Pollens had the strongest viability 1—2 days after 
flowering, stigma did not have receptivity before flowering. The pollen ovule ratio was 537, and 
the hybridization index was 5. Bagged and emasculation could not bear fruit, which indicated that 
this species did not have apomixis. Compared with natural pollination, the seed setting rate of 
hand self-pollination was slightly lower, and the seed setting rate of hand xenogamy was slightly 
higher, which indicated self-compatibility. The main pollinators of P. eburnea were Anthophora 
florea and Bombus sp. Therefore, higher nectar volume, larger pollen amount and stronger pollen 
viability of P eburnea were obviously beneficial for it to complete the entire process of 
pollination and reproduction. This result was obviously conducive to the colonization of P. 
eburnea and then widely spread in the karst areas of South China to Southwest China. 

Keywords: Primula Hance, pollination, breeding systems, karst landform, eurychoric distribution 


Gesneriaceae is the most typical group of endemic plants in China, which is very prominent 
in the karst flora, and it is the family with the most endemic genera and endemic species in China 
(Wu et al., 2005). The distribution and characteristic center are located in karst areas in South 
China and Southwest China (Wei, 2010; López - Pujol et al., 2011; Jiao, 2018). Especially, the 
limestone region has a high diversity and endemism of species, such as Primulina Hance, 
Oreocharis Benth, Petrocosmea Oliv, Hemiboea Clarke, Petrocodon Hance and Lysionotus D. 
Don and so on are the dominant genera of China (Xu et al., 2017). Guangxi is the distribution 
center of Primulina in China and even in the world. In this region, a large number of endemic 
species are distributed, whose distribution areas are narrow. Among these endemic species, many 
species have obvious cave-dwelling habits (Liu, 2015). Leaves of Primulina species are 
odd-shaped and their flowers are brightly colored commonly. Most species of this genus are 
perennial herbs, lacking stems or having terrestrial stems. In addition, some species are regarded 
as traditional Chinese medicine by the folk people, and they are also important ornamental plant 
resources (e.g. Yan et al., 2018; Wang et al., 2011). Except for a few species (e.g. Primulina 
eburnea, P. fimbrisepala, P. juliae and P.tabacum), most species of Primulina are narrowly 
distributed (Wang et al., 2017a). The cave-dwelling Primulina plants only distributed in the 
limestone areas, which is the result of highly adaptive evolution to the limestone caves. These 


species are also unique and precious species resources and germplasm resources in this area. 


However, most of this group are on the verge of extinction, and many new taxa are discovered 
with only a few dozen or more plants (Wei, 2010; Wen et al., 2012). 

The pollination mechanism and flowering phenology of plants are biological factors that 
jointly affect the genetic diversity of offspring (Liu et al., 2017; Sun et al., 2018). The pollinators 
of most flowering plants are animals (insects, birds or mammals). The attraction of flowering 
plants to pollinators was influenced by the characteristics of both single flowers and inflorescence 
(Harder et al., 2004). Single flower characteristics, such as colors, size, symmetry, nectar volume 
and so on, of which nectar volume plays a key role in the attraction of pollinators with nectar as 
reward. Insect-pollinated plants attract pollinators by providing rewards such as nectar and pollen 
as well as floral features such as foraging smell and the color of the flower. The difference of 
rewards in different plants can affect the visiting frequency of pollinators, and then affect the 
reproductive success of plants (Wang, 2014). In driving speciation, the interaction between plant 
and pollinator is often important because the efficiency of pollination systems is directly related to 
plant growth and development (Proctor et al., 1996). With the exception of a few species of 
Gesneriaceae, such as Dorcoceras hygrometrica Bunge (=previous Boea hygrometrica (Bunge) R. 
Br), P. eburnea (=Chirita eburnea Hance), Primulina pinnatifida (Hand.-Mazz.) Y. Z. Wang 
(=Chirita pinnatifida (Hand.-Mazz.) Burtt), Hemiboea subcapitata Clarke (= Hemiboea henryi 
Clarke), most of the species have a narrow distribution and are endemic. Due to the lack of a 
specific transmission mechanism and the severe isolation of the distribution of these populations, 
the natural transmission capacity of Primulina is limited (Jiao, 2018). In recent years, global 
warming is causing a lot of long-term drought areas, rocky desertification of southern karst is 
gradually getting serious, invasive alien plants such as Merremia boisiana (Gagn.) V. Ooststr and 
Eupatorium adenophorum Speng spread quickly, irrational tourism development of cave and 
anthropogenic destruction have resulted in the destruction of some essential habitats of the 
Primulina, the decrease of some species with a narrow distribution, the endemic species and local 
species with small geographical distribution have been endangered or even extinct (Chen, 2015). 

Most species of Primulina have medicinal and ornamental value, but the distribution areas of 
those species are commonly narrow. When faced with changes in their environment and human 
activities, those small populations will face irreversible damage and even species extinction. 
However, P. eburnea of the same genus is eurychoric distribution, and there are many previous 
studies on the genetic diversity of P. eburnea populations (Liu, 2015; Gao et al., 2015), so in our 
study, it was used to study its pollination biology and breeding system to reveal the influence on 
eurychoric distribution from the perspective of pollination biology. The results provide a basis for 
the expansion of the population of the narrowly distributed species of Primulina. 


1. Research Methods 


1.1 Research time and site 

Field research time was March, April and May of 2013 and 2014, which included the entire 
flowering stage of P. eburnea. The research site was located at Moon Hill, Qinglong Township, 
Pingle County, Guilin City, Guangxi Province, 24?29'38"N, 110?49'37"E, and an altitude of 216 m. 
Figure 1 & 2 showed the typical habitats of P. eburnea, in which the experimental quadrat of this 
species was located on the stone near the farmland in front of the Moon Mountain. It can be seen 
from the picture that the habitat of the P. eburnea was non-cave and on the sunny side. 
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图 1 牛 耳 休 的 某 一 个 生境 
Fig. 1 One of the habitats of Primulina eburnea 


图 2 牛 耳 条 的 全 株 图 
Fig.2 Whole plant map of Primulina eburnea 


1.2 Observation of flower morphology, structure and flowering phenology 

Flower morphology: In the natural population, we randomly selected 20 blooming 
individuals to observe and measure the number of flowers of each inflorescence and the number of 
inflorescences of each plant; randomly selected 15 blooming flowers to observe and measure the 
following values: corolla length, diameter of mouth of floral-tube, diameter of middle of 
floral-tube, size of upper and lower lip, anther length, filament length, pistil length, stigma length, 
sepal length, shape, color. 

Observed and recorded initial flowering stage, full flowering stage, and late full flowering 
stage of plants. Twenty flower buds were randomly marked during the full flowering stage. We 
observed the process of opening of the corolla lobes every 2 h from 8:00 am to 18:00 pm. When it 
was about to open, the interval was shortened to 1 h. At the same time, we marked 15 buds that 
were about to open, cut a small opening on the side of the corolla, and applied vaseline to the cut 
to avoid flower being infected. The positional relationship of the stigma and the anthers was 
observed three times a day; 10 inflorescences were randomly selected to observe the structure of 
the inflorescences and the order of flower opening. 

1.3 Determination of pollen viability and stigma receptivity 


Fifty buds to be open were randomly selected and marked, and the number of their opening 
days were recorded. During the bud stage, the first day of flowering, the second day of flowering 
and so on, 5 flower buds were taken from each stage to measure their pollen viability and stigma 
receptivity. Pollen viability was determined by the MTT method (Rodriguez-Riano & Dafni, 
2000). Stigma receptivity was measured by 3% H202 (Dafni, 1992): pistils collected in each stage 
above were taken out, completely soaked in 3% H202 reaction solution, and observed and 
photographed under the microscope. If there were bubbles, the stigma had viability, otherwise it 
did not. 

1.4 Estimation of pollen ovule ratio determination and hybridization index 

Using Blood-ball counter method to count the quantity of pollen (Xiao & Liu, 2009). Twenty 
flower buds were randomly selected and placed in the FAA for storage and returned to the 
laboratory for later use. Carefully removed the anthers from the flower buds, softened the anther 
wall with 1.0 mol-L'! HCl, dissected the anthers under a dissecting microscope. The pollen grains 
were all peeled off and transferred into a 2 mL centrifuge tube, and keep the volume to 2 mL. 
Using oscillator to make it uniform by concussion. Using a pipette gun to suck 1 ul of pollen 
solution on a glass slide (repeated 10 times each), observing and counting the number of pollens 
under a light microscopy. At the same time, placed the corresponding ovary on a glass slide, 
dissected under a dissecting microscope, observed and counted the number of ovules. Divided the 
total number of pollens per flower by the number of ovules in the ovary to obtain the pollen ovule 
ratio (P/O). 

OCI was determined by the three floral characteristics (Dafni, 1992): CD The diameter of 
single flower or capitulum. @) The time of anther dehiscence and stigma receptivity were 
consistent or not. (3) Relative position of stigma and anthers in space. The value of OCI can be one, 
two, three and greater than or equal to four. 

1.5 Measure of nectar secretion and sugar content 

Under different weather conditions (sunny and rainy), from 08:00 am to 18:00 pm, randomly 
took flower buds and opened flowers to measure nectar secretion volume with 2-10 pL 
micropipettes every 3 — 4 h, repeated 10 flowers each time, and repeated for 2 d for each weather 
condition. At the same time, the sugar content (%) of nectar was directly measured with a 
hand-held refractometer. 

1.6 Flower visiting insect species and their behavior 

The behavior of insect pollinators was observed during full flowering stage. During the 
period of 6:30 am to 19:00 pm, the sampling method and tracking method were used, and the 
digital camera was used to capture the flowering visiting and flight processes of insect 5 d, 
real-time recording of insect flower visiting time, number of insects, insect species, dwell time, 
number of flowers visited by the same insect in the same time period, etc., to describe the 
flower-visiting behavior of insect in detail, and Times: Flower:min! was used to represent 
frequency of visiting. According to the insect's flower-visiting behavior, such as contacting with 
anthers and stigmas, to determine whether this type of insect was an effective pollinator. After the 
insect was captured, it was quickly placed in the 95% ethanol solution, killed to make the 
specimen, and then brought it back for identification. 

1.7 Manipulated pollination 

Randomly selected flowers on different inflorescences and performed different manipulated 
pollination (Dafni, 1992): (1) natural pollination (control); (2) bagging without emasculation; (3) 
bagged and emasculation; (4) hand self-pollination; (5) hand xenogamy; (6) corolla removed. Due 
to the small numbers in the population, 10 individual plants were randomly selected for each of 
the above treatment methods, and 6 flowers on each plant were labeled, with a total of 60 flowers 


in each treatment. 
1.8 Statistics and analysis 

The One Way ANOVA and PostHocTests LSD in SPSS 19 statistical analysis software were 
used to dispose breeding system and seed setting rates. The statistical data were represented as 
mean + standard deviation, and the line charts were made with OriginPro8. 


2. Results and Analysis 


2.1 Floral morphological characteristics and flowering phenology 

The floral morphological characteristics: corollas mauve, number of inflorescences per plant 
was 1-10, mostly 4—7, 1—17 flowers per inflorescence, an average of 7 flowers, larger flowers, 
average corolla length of about 49 cm, both surfaces of the leaf were pubescent. The floral 
morphological characteristics of P. eburnea were shown in Table 1 and Table 2. 


表 1 EREA 
Table 1 Floral morphology 


FHKE 花 简 中 部 直径 花 简 口 部 直径 
花冠 长 度 花 简 中 部 高 度 花 简 口 部 高 度 
Sepal Diameter of middle Diameter of mouth 
Corolla Height of middle of Height of mouth of 
length of corolla tube of corolla tube 
length (mm) corolla tube (mm) corolla tube (mm) 
(mm) (mm) (mm) 
9.01x0.52 49.06+0.83 6.54+0.21 11.1540.22 10.96::0.38 11.59+0.28 


d 2 花 部 形态 
Table2 Floral morphology 


ERRA MERKE 柱头 长 度 雄蕊 长 度 花药 长 度 
TER 
Upper lip Pistil Stigma length Stamen length Anther length 
Lower lip (mm) 
(mm) length (mm) (mm) (mm) (mm) 
8.15+0.34 17.40+0.58 33.02+0.70 3.28+0.55 26.96+0.55 4.09+0.12 


The beginning of the flowering stage was from late March to early April, and the flowering 
stage ended at the end of April to middle May. The entire flowering stage was about 45 d, of 
which the initial flowering stage was about 20 d and the single flower flowering stage was 6 — 8 d. 
The initial flowering stage, full flowering stage, and late full flowering stage were shown in figure 
3. Under the influence of light and temperature, the plant quickly opened a large number of 
flowers and entered the full flowering stage. 
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图 3 牛 耳 打 的 开花 物候 


Fig. 3 Flowering phenology of Primulina eburnea 

The opening order of flowers on the inflorescences was generally T1 first, F1 later, then T2 
immediately after opening, and F2 finally opening, where F1 and T2 were open at the same time 
or separated by 1 — 2 d (as shown in Fig. 4). From Fig. 5 and Fig. 6, we knew that at the beginning, 
the pistil was longer than the stamens, and later the stamens grew faster than the pistils, and the 
length exceeded the pistils. Before blooming, the stamens and anthers gradually shrank and 
matured, the stigma was still behind the anther at bud stage, but it was close to anther. The single 
flower flowering stage was longer, but after three or four days of flowering the pistil had basically 


stopped 


growing. 


图 4 花序 上 花 的 开放 顺序 


Fig. 4 Order of flowering open in one inflorescence 
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A&B. 各 时 期 花蕾 解剖 


图 ; C. 开花 过 程 中 雌雄 
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A&B. Anatomical drawing of flower buds in different flower bud stages; C. Relative position between the pistil 


and stigma in flowering stage. 


图 5 


牛 耳 条 解剖 


Fig. 5 Anatomical drawing of Primulina eburnea 
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0 1 2 3 4 5 6 T 
开花 后 第 N 天 Time after flowering (d) 


A. ESKE; B. ESKE; C. 水 平 距离 ;， D. 竖 直 距离 〈“ 水 平 距 离 ” 和 “垂直 距离 ”表示 柱头 和 花药 
之 间 的 距离 ， 负 值 表 示 柱 头 水 平方 向 短 于 花药 ， 垂 直方 向 低 于 花药 )。 
A. Pistil length; B. Stamen length; C. Horizontal distance; D. Vertical distance (“horizontal distance" and 


I 


“vertical distance” indicate the distance between stigma and anther, negative value indicates stigma shorter than 
anther in horizontal direction and stigma below anther in vertical direction). 
6 雌雄 蕊 生长 动态 
Fig.6 Dynamic growth of pistils and stamens 
2.2 Pollen viability and stigma receptivity 

The pollen viability of P eburnea was strong before flowering, the pollen viability of P. 
eburnea could remain strong for 1—2 d and begin to decline on the third day, and the strong pollen 
viability could still be detected before the end of the single flower flowering stage. Pollens were 
removed by various factors from the anthers and this measure maximized the utilization efficiency 
of pollen from one aspect. 

Stigma did not have receptivity before flowering. About 3096 of the stigmas of P. eburnea on 
the first day of flowering were receptive and more than 90% of stigmas on the second day of 
flowering were receptive. 

表 3 花粉 活性 
Table3 Pollen viability 


开花 后 第 N 天 0 1 2 3 4 5 6 


Time after 


flowering (d) 


花粉 活性 (%) 99 94 83 72 41 31 21 
Pollen viability 


(%) 


2.3 Pollen Ovule ratio and Outcrossing Index (OCT) 

The pollen amount of single flower of P. eburnea was (5.94 + 0.14) x 10 5, the number of 
ovules was 1106 + 15.26, the pollen ovule ratio (P / O) was 537 + 18.04. 

The hybridization indexes of P. eburnea was equal to 5, according to the analysis of OCI 
value, we knew that OCI > 4 was xenogamy, outcrossing, part of the individuals were 


self-compatible, most individuals needed pollinators. 


# 4 OCI fH 
Table 4  Out-crossing Index 


花药 散粉 与 柱头 可 授 期 时 间 间 


柱头 与 花药 的 空间 

HAE 隔 i 繁育 系统 类 型 
项 目 ] : 位 OCI fü : 

Diamter of Temporal separation of anther . Type of breeding 
Item Spatial position of | OCI value 

Flower dehiscence and stigma i system 
stigma and anther 
acceptability 

结果 雄蕊 先 熟 =1 异 交 型 

6.54mm=3 =] 5 
Result Protandry = 1 Xenogamy 


2.4 Determination of nectar secretion and sugar content 

Nectar could be found by measuring nectar secretion of 已 eburnea throughout the day. No 
nectar was found during the flower bud stage. The average nectar production was 2.25 + 0.47 uL 
on sunny days, and the sugar content was (51.91 + 1.49) %. The average nectar production in 
rainy days was (4.66 + 0.91) uL, and the sugar content was (34.82 + 1.10) %. 

2.5 Species of flower-visiting insects and their behavior 

Anthophora florea was an important pollinator for P. eburnea (Fig. 7—A). The P. eburnea 
flowers were large, it may not touch the stigma during Anthophora florea entering the flower tube, 
resulting in the failure of pollination. The stigma of most flowers was greatly bent down, so this 
made the probability of pollination of P. eburnea higher. When Anthophora florea collected pollen 
in return, it would hold the anther from below and rotate, the anther would crack and the pollens 
will fall to the pollinator's thoraces, abdomens and legs. Stigma was not far from anther. At the 
same time, due to the movement of the pollinator, self-pollination could be completed, and 
cross-flower pollination was completed when the next flower was visited by pollinator. In the 
process of observation, we also found that Anthophora florea often stayed at the bottom of the 
flower tube to suck the residual nectar. In addition, the Bombus sp. was an important pollinator for 
Primulina eburnea whose body size was large (Fig. 7-B). When crawling into the flower tube, the 
back would touch the reflexed stigma, then through the two filaments looking for nectar, the 
anther was affected by external forces to crack, pollens fell to the pollinator's back, when the 
pollinator visited the next flower, the back would touch the stigma to complete the pollination 
process. 

Compare with Primulina hunanensis and Chirita lutea (LI & Cai, 2020; Tang et al., 2009), P. 
eburnea produced larger amount of nectar, which attracted Anthophora floreas to visit the flowers, 
but the frequency of flower-visiting had not increase because the pay was increased and the 
residence time of pollinator was correspondingly increased. Anthophora florea stayed in P. 
eburnea for more than 10 s, while Bombus sp. stayed for a short time (1-2 s) during the 
flower-visiting. We also found that cloudy and rainy day would greatly affect the activities of 
Anthophora florea, and the frequency of flower-visiting decreased. Bombus sp. was rarely seen 
during the observation process, from 9:00 am to 17:00 pm appeared at intervals. There was no 
regularity, and no flower-visiting peak. In the observation plots, at most two Bombus sp. appeared 
at the same time, but the number of flower-visiting was large each time, and the probability of 
pollination was high for each flower. 

Other visitor (Fruticicolidae sp.) was found in P eburnea. |t was related to the living 
environment of plants. It was found that it was not effective pollinator during field observations. 
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Fruticicolidae sp. fed on corolla. The pollination was occasionally caused during process of the 
corolla was eaten, but severely damaged to the corolla and often affected the population's seed 
setting rate. 


A. ERIE; B. 能 蜂 。 
A. Anthophora florea; B. Bombus sp. 


图 7 牛 耳 条 的 传粉 者 


Fig.7 Floral visitors of Primulina eburnea 
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A. RIE: B. RENE. 
A. Anthophora florea; B. Bombus sp. 
图 8 传粉 者 的 访 花 频率 
Fig. 8 Visiting frequency of pollinators 


2.6 Manipulated pollination 

The seed setting rate of natural pollination was lower than the hand xenogamy, but higher 
than the hand self-pollination. The bagged without emasculation also bore seed, which indicated 
that pollination will also occur in the absence of pollinators, but the probability was very low. The 
bagged and emasculation had no fruit, which indicated that there was no apomixis. The low seed 
setting rate of the corolla removed showed that the corolla contributed significantly to the 
pollination process. 
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结实 3 


结实 率 (%) 
Seed setting rate (%) 


处 理 Treatment 


A. 自然 授粉 (对照 )，B. TAHER; C. 去 雄 不 套 袋 ; D. ATHER; E. 人 工 异 花 授粉 ; F. 去 花冠 
DER. 


A. Natural pollination (control); B. Bagging without emasculation; C. Bagged and emasculation; D. Hand 


self-pollination; E. Hand xenogamy; F. Corolla removed. 
9 套 袋 处 理 的 结实 率 


Fig.9 Seed setting rates of manipulated pollination 


3. Disscussion 


Combined our research results with previous studies on the genetic diversity of P. eburnea, 
we jointly discussed the eurychoric distribution of P. eburnea from the direction of pollination 
biology and genetics. 

3.1 The relationship between breeding system, pollination biology and its eurychoric 
distribution 

In the study, we found that the OCI value was 5, which indicated that the breeding system 
was xenogamy, most individuals of P. eburnea needed pollinators. When anther was mature, the 
position of dehiscence was opposite to the position of stigma, to avoid self-pollination. In addition, 
the pistil and stamen matured at different times to avoid self-pollination and to avoid that the 
inbreeding recession of offspring. The peduncle of P. eburnea is longer, which is conducive to the 
capture of pollinators, and the inflorescence is shorter, it is easy to form umbellate inflorescences. 
And concentrated flowering can reduce the time and energy consumption of pollinators in the 
flower visiting process (Wang, 2014). P. eburnea has a pair of large and prominent bracts, large 
and showy flowers (Zhang et al., 2017). Corolla color can attract and screen pollinating insects 
(Zhang, 2004). In the study, it was found that the corolla was eaten could cause the pollinators to 
lose the landing point and affect the pollination, the seed setting rate of corolla removed was low, 
so the corolla of P. eburnea could also promote the pollination. And the larger flowers allowed the 
main pollinators -- Anthophora florea and Bombus sp.-- to pollinate in different ways. Primulina 
Lijiangensis B. Pan & W. B. Xu with smaller flowers can not provide enough space to ensure the 
diversity of pollination behavior (Huang et al., 2016). In addition, it has been found in recent years 
that the effect of flowering pattern size on pollinators is related to the flowering background (such 
as plant density) of the species (Makino et al., 2007). Through field observation in the field, we 
can find that due to their strong stress resistance, P. eburnea are often distributed in clusters within 
the range of suitable habitats. At the same time, the flowering stage of the species in the same 
region always maintained a high consistency, and the larger flower size of P. eburnea and the 


larger number of flowers in the single inflorescence, its flowering pattern can obviously reduce the 
background noise under the premise of consistent flowering. On this basis, the larger flowering 
pattern can be highlighted (Tang & Han, 2007; Buide, 2006), and then more pollinators can be 
attracted to visit flowers, resulting in higher pollen output rate, cross-pollination and higher seed 
setting rate (Ishii & Sakai, 2002). 

The number and type of pollinators depend on the shape, color and size of corolla, pollen or 
characteristics such as reward (pollen and nectar) or smell (Proctor et al., 1996; Muchhala et al., 
2009). Compared with Chirita lutea nectary degeneration (Tang et al., 2009), the P. eburnea 
secretes nectar after flowering, which is conducive to attracting pollinators. The nectar volume, a 
single flower characteristic, has a strong attraction to pollinators whose reward is nectar, because 
high quantity of nectar can increase reward of pollinators and reduce the consumption in the 
process of pollination, may attract more pollinators (Wang, 2014). Pollen viability is an important 
factor affecting pollen life (Y1 & Zhao, 2005). P. eburnea can maintain strong pollen vitality over 
a long period of time, which obviously helps to extend the effective time of pollination. On the 
contrary, the pollen viability of Primulina hunanensis rapidly decreases on the second day after 
flowering, which will reduce the pollination efficiency (LI & Cai, 2020). To sum up, in the process 
of evolution, this widespread species is clearly different from most of closely related species 
distributed in local, it has developed a series of special floral features to attract pollinators and 
adapt to the behavior of pollinators, thus improving pollination efficiency and adaptability to the 
natural environment. 

The environment where plants are located also affects pollination of pollinators and breeding 
of plant. In the study, we found that cloudy and rainy days would affect the activities of 
Anthophora florea and reduce the frequency of flower-visiting. The rainy and windy weather 
would inevitably affect the flower-visiting behavior of insects and greatly reduce the chance of 
flower pollination, leading to the failure of pollination (Peng et al., 2014). P. eburnea will increase 
the amount of nectar in cloudy days as compensation, but Primulina hunanensis does not (LI & 
Cai, 2020). Therefore, the sunny environment of P eburnea is conducive to the increase of 
pollination frequency. P hunanensis is similar to P. eburnea, which distribution area is very 
narrow, grows in karst cave. Because of the special habitat, its distribution range is strictly limited 
to a certain range, and the limitation of the suitable area leads to the small population size and the 
inability to expand. Because population size affects the consumption of time and energy of 
pollinators in the flower-visiting process (Ohara & Higashi, 1994). Pollinators spend a lot of time 
and energy visiting flowers, and P. hunanensis can attract only a limited number of pollinators, so 
their sexual reproduction is easily restricted by pollinators (Li & Cai, 2020). Because of the 'land 
island' of the karst landscape and the limited seed dispersal capacity of the species of Primulina 
(Kang et al., 2014; Hao et al., 2015), this may also account for the fact that most species of 
Primulina are endemic species with a narrow distribution, usually only grow in a single cave or 
mountain system of karstified limestone (Wei, 2010) . 

3.2 The relationship between genetic diversity and high adaptability of P eburnea 

Primulina has extensive adaptability and regional endemism (Chen, 2015), in addition to a 
few species, such as 已 eburnea and Primulina bipinnatifida (W. T. Wang) Y. Z. Wang & J. M. Li 
(Xu et al., 2019), the majority of species distribution is narrow, generally only appear in one or 
two limestone hills or caves, thus forming a lot of endemic species (Samways & Lockwood, 1998; 
Wang et al., 2012). In addition to the breeding system and pollination biology ensure the 
eurychoric distribution of P eburnea, the genetic diversity of P. eburnea also makes the 
population adapts to the environment better and guarantees higher survival rates when facing the 
environmental changes and human disturbances. The isolated habitat and small population size of 


endemic species that distributed narrowly limit gene communication between populations, which 
resulted in significant population genetic structure within species (Rannala, 2015). 

P. eburnea was thought to have multiple cryptic species (Wang et al, 2017a), this 
phenomenon is not uncommon in Gesneriaceae, such as Hemiboea Clarke, where the presence of 
some cryptic species with similar flower patterns and flower colors have been observed (Huang et 
al., 2020; Li et al., 2019). Population genetic analysis has shown that these species existed highly 
significant genetic differentiation between populations (Gao et al., 2015; Wang et al., 2017a, b). 
Moreover, through the genetic annotation of the abnormal sites, it was found that many of the sites 
may be related to plant stress resistance, which was conducive to the adaptation to the 
environment (Gao et al., 2015). The genetic differentiation coefficient indicated that the genetic 
variation mainly occurred in the population, which was consistent with the smaller differentiation 
coefficient among the populations, indicating that the gene communication mainly occurred in the 
population. This clearly helps to understand from the view of genetic diversity why P. eburnea 1s 
one of the few widespread species of Primulina--this species has high genetic diversity, which is 
consistent with that it is a very rare eurychoric distribution species in the Primulina (Liu, 2015). 
And when the genetic diversity of endemic species is low, they may face extinction (Li et al., 
2016). High genetic diversity allows species to better adapt to the environment, with higher 
survival rates when facing environmental changes and human disturbances. To sum up, the 
pollination biology and breeding systems of P. eburnea and its genetic diversity can help species 
to achieve eurychoric distribution. 
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